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Modulation of negative emotion
In the past decade, there has been a surge of neuroimaging studies examining the psychological and neural bases of emotion regulation. To date, the modal approach to studying emotion regulation has been to examine participants' neural and behavioral responses to emotional stimuli during an instructed regulation condition (e.g., participants are told to reappraise affective stimuli) in comparison to an uninstructed viewing condition (for example, Beauregard, Levesque, & Bourgouin, 2001; Levesque et al., 2003; Ochsner, Bunge, Gross, & Gabrieli, 2002) . The basic premise behind such an approach is that only by directing participants to modulate their emotional responses can we clearly identify the neural and psychological mechanisms that underlie emotion regulation.
In our everyday lives, however, our natural responses to emotional stimuli are not driven by external instructions or goals. Yet, even when "responding naturally," our reactions to emotional events can vary significantly according to transient cognitive and contextual factors as well as stable individual differences (Drabant, McRae, Manuck, Hariri, & Gross, 2009; H. Kim et al., 2004; Somerville et al., 2013) . At the neural level, this variability in negative affect could be supported by differential recruitment of at least three types of neural systems, each of which reflects the contribution to emotional responding of a different kind of process.
The first possibility is that differences in the strength of one's initial negative affective response are supported by structures involved in the bottom-up generation of emotional reactions. Emotional reactions are supported by a host of subcortical and cortical brain regions that together coordinate physiological, affective, and behavioral responses (Kober et al., 2008; Lindquist, Wager, Kober, Bliss-Moreau, & Barrett, 2012) .
Modulation of negative emotion 2011). If the processes underlying uninstructed emotion modulation are similar to those underlying instructed regulation strategies like reappraisal, then we would expect that negative affect and amygdala responses will be weaker to the extent that dorsal and lateral PFC are activated.
A third possibility is that brain regions such as ventromedial PFC (VMPFC), that are not typically involved in reappraisal (Buhle et al., 2013) -but are critical for other types of regulatory processes -may support uninstructed modulation of negative affect.
Prior work has suggested that VMPFC integrates affective appraisals formed by subcortical structures (e.g. the amygdala) with memorial and semantic information stored in the temporal cortex and inputs from other regions that provide information about current behavioral and motivational goals (Cunningham, Johnsen, & Waggoner, 2011; Davachi, 2006; Murray, O'Doherty, & Schoenbaum, 2007; Ochsner et al., 2002; Ongur, Ferry, & Price, 2003) . As such, VMPFC activity has been linked with numerous types of affective learning where the affective value of a stimulus is altered and updated based on feedback, including fear extinction and reversal learning, and more generally appears to scale with the affective value one attributes to a stimulus in a situational and goaldependent manner (Hare, Camerer, & Rangel, 2009; Roy, Shohamy, & Wager, 2012; Schoenbaum, Takahashi, Liu, & McDannald, 2011) . In the context of negative emotion specifically, it has been suggested that VMPFC activity may serve as a "safety signal" that attenuates amygdala responses (Etkin, Egner, & Kalisch, 2011; Schiller & Delgado, 2010) and anxiety (Somerville et al., 2013; Wager, van Ast, et al., 2009 

Participants
Thirty healthy adults (13 females, mean age=21.97) took part in the experiment.
All participants gave informed consent, were right-handed, had normal or corrected vision and had no history of diagnosed psychiatric or medical illness as indicated by selfreport on a general health questionnaire. A subset of the participants in the present dataset were also included in studies reported elsewhere that focused on instructed reappraisal only (Denny, Ochsner, Weber, & Wager, 2012; Wager, Davidson, Hughes, Lindquist, & Ochsner, 2008) .
Training Procedures
Prior to scanning, participants were told that they would see a series of images preceded by instructional cues that would inform them about the type of stimuli they were about to see and what they were supposed to do while viewing the stimuli.
Instructional cues came in the form of geometric shapes and the particular instruction paired with each cue was counterbalanced across participants. In accordance with the instructional cue, participants did one of the following on each trial: 1) look at a neutral image and respond naturally (look/neutral condition), 2) look at a negative image and respond naturally (look/negative condition) or 3) reappraise a negative image (reappraise/negative condition). The instructions for look trials were intentionally kept as open-ended as possible and it was assumed that, in responding naturally, participants might respond in a variety of ways. For example, participants may have consciously reappraised images on the look trials, or engaged in "reality checking" by reminding themselves they were inside of a scanner, or they could have simply thought about the images in an entirely unregulated way. The unconstrained nature of the look condition was necessary for examining variability in emotional responding. If participants had been told to respond uniformly on all look trials, there would likely be too little intra-and inter-individual variability to assess uninstructed modulation. In keeping with numerous prior studies (S. H. Kim & Hamann, 2007; McRae et al., 2010; Ochsner et al., 2002; Ochsner et al., 2004; Urry et al., 2006; , on reappraisal trials participants were told to, "re-interpret the possible antecedents, outcomes and/or reality of the events you see in such as way that your emotional response is decreased." Prior to scanning, participants 1) were quizzed on cue-task condition associations (e.g., a triangle cue means a look/negative trial is coming), 2) completed 7 sample trials with the experimenter present to ensure they understood the instructions, and 3) completed 18 practice trials without receiving feedback from the experimenter. No images used during training were also used during scanning.
Participants were asked to not look away from images or to distract themselves with irrelevant or positive thoughts during the task. Participants' eye motion was monitored live during scanning by experimenters viewing a projected image of the right eye in the scanner control room (I-SCAN, Inc.). No participants averted or closed their eyes during image viewing.
Task design
Participants completed 6 functional runs, each of which contained 36 trials, for a total of 108 trials. Equal numbers of each condition (look/neutral, look/negative, reappraise/negative) were shown and trials were presented in an event-related fashion.
Basic trials began with a 2-second instructional cue followed by a 4 second anticipatory interval during which a fixation cross was presented on the screen. The image stimulus was then presented for 8 seconds. After image presentation, a fixation cross was presented for a jittered inter-stimulus interval (4-7 seconds) and then a rating screen appeared for 2.1 seconds. On the rating screen, participants were asked to rate how strongly negative they felt on a scale of 0-4 (0=not negative at all, 4=very negative). The trial concluded after the rating screen with a fixation cross that lasted 4-7 (the duration was jittered) seconds. Self-report was chosen as the primary dependent variable of interest because it provides a unique and relatively direct window into emotional experiences that other measures cannot provide (Gilbert, 2006; Larsen & Prizmic-Larsen, 2006) . Peripheral physiological measures have the advantage of being resistant to demand characteristics (e.g., Quirk and Beer, 2006 ), yet because they only measure gross changes in autonomic arousal, their significance can be ambiguous. For example, changes in skin conductance or pupil dilation may represent shifts in arousal, cognitive effort, or something else altogether (Bradley, Miccoli, Escrig, & Lang, 2008; Geva, Zivan, Warsha, & Olchik, 2013; P. J. Lang, Greenwald, Bradley, & Hamm, 1993; Siegle, Steinhauer, Stenger, Konecky, & Carter, 2003; van Steenbergen & Band, 2013) .
Basic trials, "anticipation only" trials (trials that did not include image presentation), and "stimulus only" trials (trials that did not include the 4-second anticipation period), were shown with equal frequency. Different trial types were included so as to examine the effects of anticipation on reappraisal and have been reported elsewhere. The focus of the present paper was on reappraisal of aversive images and therefore, the present analyses exclusively used trial types that included the presentation of an image as well as a rating period (basic and stimulus only trials). Thus, a total of 72 trials were contributed to the present analyses with 24 trials contributing to 
Imaging acquisition
Whole-brain fMRI data were acquired on a 1.5T GE Signa Twin Speed Excite HD scanner (GE Medical Systems). Functional images were acquired with a T2*-sensitive EPI BOLD sequence. Twenty-four axial slices were collected with a TR of 2000 ms (TE of 40 ms, flip angle of 60°, field of view of 22 cm and 3.44 x 3.44 x 4.5 mm voxels). Stimuli were presented using E-Prime. Stimuli were displayed using an LCD projector and a back-projection screen mounted in the scanner suite. Participants made their responses using a five-finger-button-response unit with a molded hand brace (Avotec Inc. and Resonance Technologies).
fMRI analysis
Preprocessing and GLM. Preprocessing was performed using FSL (FMRIB Center, University of Oxford) and SPM2 (Wellcome Department of Cognitive Neurology, UCL). Functional images were slice-time and motion corrected using FSL.
Structural images were coregistered to the first functional image for each subject using an iterative procedure of automated registration using mutual information coregistration in SPM2. Structural images were normalized (spatially warped) to a standard template brain (the MNI avg15T1.img) using SPM2's default options (7 x 8 x 7 nonlinear basis functions) and warping parameters were applied to functional images for each subject.
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Normalized functional images were interpolated to 3 x 3 x 3 mm voxels and spatially smoothed with a 6-mm Gaussian filter.
First and second-level GLM analyses were implemented in NeuroElf (http://neuroelf.net). Cue, anticipation, stimulus-viewing and response portions of each trial were modeled as boxcar regressors convolved with a canonical hemodynamic response function. Separate regressors were made for the three trial types: reappraise/negative, look/negative and look/neutral trials. Motion parameters and highpass filter parameters were included as regressors of no interest. Head motion did not exceed 3 millimeters in any direction for any participant. Next, a second-level random effects analysis was performed to identify regions of activation at the group level. Results were masked using a gray matter mask created through segmentation of the MNI-T1 template (the "Colin" brain"). Significant voxels were identified using joint height (p<.005) and extent thresholds determined by AlphaSim, as implemented in NeuroElf so as to control the family-wise-error-rate (FWER) at a<.05. AlphaSim was computed for each map separately so as to accurately estimate the inherent smoothness of each contrast, rather than to rely on the size of the Gaussian kernel used during preprocessing which can lead to errors in thresholding (Bennett, Wolford, & Miller, 2009) . Extent thresholds for each contrast are reported in each of the subsequent paragraphs detailing specific analyses. For the Neuroimaging analyses focused on the portion of the trials when the picture was on the screen and participants were implementing the "look" or "reappraise" strategy.
Identifying regions involved in emotion generation and instructed regulation.
To identify brain regions that support the generation of emotional responses, the look/negative condition was contrasted with the look/neutral condition (the emotion generation contrast; thresholded at 277 voxels). To identify brain regions that support instructed emotion regulation, the reappraise/negative condition was contrasted with the look/negative condition (the emotion regulation contrast; thresholded at 290 voxels). To identify brain regions that supported trial-by-trial changes in negative affect for the instructed regulation condition, trial-by-trial reports of negative affect were used as a modulation parameter for reappraise/negative trials (the instructed regulation parametric analysis; thresholded at 160 voxels). Given that results identified in this analysis could be somewhat ambiguous to interpret -for example, more negative affect coupled with more neural activity could reflect the generation of stronger negative emotions or failed emotion regulation -a second parametric analysis was conducted that was intended to isolate neural activity associated with greater reappraisal success or failure (i.e., more or less negative affect relative to a normative baseline). In this second analysis, IAPS normative ratings were rescaled so as to be on the same 0-4 scale used in the task and the difference score between a participant's self-reported negative affect for a given image and the normative IAPS rating was calculated for each reappraisal trial and used as a parametric modulator. Activation in this second analysis did not yield any clusters that survived FWE correction.
Identifying regions involved in uninstructed emotion modulation. Two analyses
were performed to examine the neural bases of differences in negative affect. First, to identify brain regions supporting dynamic, within-participant changes in negative affect, participants' trial-by-trial self-reports of negative affect were used as a modulation parameter for look/negative trials (the within-participants contrast; thresholded at 65 map was first masked by itself and then masked by the voxels from the instructed regulation contrast. The extent threshold for the within-subjects map masked by the emotion regulation contrast was set at 16 voxels while the extent threshold for the withinsubjects map masked by the emotion generation contrast was set at 7 voxels. No voxels showed any overlap between the between-subjects map and the instructed regulation contrast nor did any voxels show any overlap between the between-subjects map and the emotion generation contrast and thus there was no data to threshold. The extent threshold for the within-subjects map masked by the emotion regulation within-subjects contrast was set at 23 voxels.
RESULTS
Behavioral results
Participants reported significantly stronger negative affect for when responding 
Individual differences in trait anxiety
A subset of participants (N=9, 5 females, mean age=24.6 years) completed the trait portion of the State-Trait Anxiety Inventory (Spielberger, Gorsuch, Lushemne, Vagg, & Jacobs, 1983) and reported anxiety levels comparable to published norms (M=34.11, SD=9.75). Anxiety scores did not correlate with self-reported negative affect in any of the task conditions, nor did it correlate with the difference scores between the reappraise/negative and look/negative conditions or the look/negative and look/neutral conditions ps>.25.
Brain regions involved in emotion generation
Relative to neutral stimuli, responding naturally to negative stimuli recruited brain regions involved in both emotional and sensory processing including the amygdala, anterior insula, midbrain, and visual cortex. A full list of brain regions identified in the emotion generation contrast can be seen in Table 1 .
Brain regions involved in emotion regulation
Instructed regulation of negative stimuli recruited large swaths of VLPFC, DLPFC and DMPFC. Although these activations were observed bilaterally, they were more extensive in nature on the left side. Additional activations were observed in left superior temporal cortex and posterior parietal cortex. A full list of brain regions identified in the emotion regulation contrast can be seen in Table 2 . Trial-by-trial decreases in negative affect on instructed reappraisal trials were supported by enhanced recruitment of bilateral inferior frontal gyrus (Table 2) .
Neural bases of within-participant differences in negative affect
While responding naturally to negative stimuli, relatively lower reports of negative affect on a trial-by-trial basis were associated with increased recruitment of right dorsolateral (DLPFC) and dorsomedial PFC (Table 3; Figure 1 ). By contrast, relatively greater reports of negative affect were associated with enhanced recruitment of the right medial temporal lobe, including the amygdala (Table 3; Figure 1 ). The majority of voxels in DMPFC and DLPFC (268/356; 75%) identified as being associated with lower levels of negative affect fell within the emotion regulation mask (Table 4 ; Figure 1 ). The dorsal half of the amygdala cluster that was associated with greater levels of negative affect fell within the emotion generation mask (11/26 amygdala voxels; 42%). No brain regions that were associated with lower trial-by-trial reports of negative affect fell within the emotion generation mask nor did any brain regions associated with greater reports of negative affect fall within the emotion regulation mask. In no brain regions did activity track trial-by-trial changes in negative affect on both 'look' and 'reappraise' trials.
Neural bases of between-participant differences in negative affect
Participants who on average strongly recruited ventromedial PFC when responding to negative versus neutral stimuli reported lower levels of average negative affect (see Table 5 ; Figure 2 
DISCUSSION
In our everyday lives, we typically encounter emotion-eliciting stimuli and events without being instructed about how to respond to them. Yet, in "responding naturally" to emotional triggers, our emotional experiences may vary significantly in their intensity.
To our knowledge, the present study is the first to examine how patterns of neural activity in systems implicated in emotion generation or regulation predict less negative affect during uninstructed viewing of aversive stimuli using analyses to identify both within and between-individuals effects. 
Modulation of negative emotion
Drawing from prior work, we hypothesized that lower levels of negative affect could be associated with 1) less activity in circuitry implicated in affect generation (i.e., amygdala), 2) more activity in prefrontal regions implicated in effortful regulatory strategies like reappraisal (i.e., dorsal and lateral PFC), and/or, 3) more activity in prefrontal regions that support affective learning, decision making, and regulatory processes that do not require explicit regulatory goals (i.e., VMPFC). When examining within-participant variations in negative affect across trials, we found support for our first and second hypotheses: activity in dorsomedial and dorsolateral prefrontal regions associated with reappraisal predicted less negative affect on a trial-by-trial basis while activity in an amygdala region associated with emotion generation showed reduced activity. When examining average differences in negative affect between individuals, we found that only activity in ventromedial PFC predicted lower levels of negative affect.
Implications for neural models of emotion regulation
The present study has both methodological and conceptual implications for models of emotion generation and regulation. Methodologically speaking, the present study points to the value of integrating neuroimaging research on the neural bases of examining what neural responses are associated with both within and between subject variability in affective experience.
To our knowledge, no other study has directly compared neural recruitment during instructed emotion regulation to neural recruitment during uninstructed modulation of negative affect. In doing this, the present study provides strong evidence to suggest that uninstructed changes in affective experience are supported by recruitment of prefrontal regions that also support cognitive reappraisal. DLPFC and DMPFC are among the most consistently activated brain regions in neuroimaging studies of reappraisal (Buhle et al., 2013; Diekhof et al., 2011; Kalisch, 2009) . Given that DLPFC supports working memory (Miller, 2000; Wager & Smith, 2003) and DMPFC supports selffocused processing and mental state attribution (Amodio & Frith, 2006; Denny, Kober, Wager, & Ochsner, 2012; Olsson & Ochsner, 2008) , it has been suggested that during reappraisal DLPFC facilitates the maintenance and manipulation of candidate reappraisals in working memory while DMPFC supports monitoring of regulation success and one's changing affective states (Ochsner, Silvers, & Buhle, 2012) . Although we cannot conclude with certainty whether or not participants were reappraising on trials where they showed lower levels of negative affect, the present data suggests that a) uninstructed modulation of negative affect and instructed cognitive reappraisal recruit highly overlapping portions of prefrontal cortex, and b) uninstructed modulation of negative affect involves recruitment of processes involved in cognitive control and self- The first is that amygdala responses were lower on trials where participants simply did not perceive the images to be that aversive in the first place. The second is that amygdala activity was influenced in a top-down manner by recruitment of DLPFC and DMPC, similarly to what has been suggested in prior models and meta-analyses of reappraisal (Buhle et al., 2013; Diekhof et al., 2011; Ochsner et al., 2012) . Additional work is needed to tease apart these two possibilities.
The present data also suggest that lateral prefrontal and ventromedial prefrontal regions play complementary roles in managing negative affect. While dorsal and lateral PFC seemed to supported transient modulation of negative affect on given trials, only VMPFC was associated with lower levels of cross-trial averaged negative affect. VMPFC is consistently recruited in placebo, reversal learning and fear extinction paradigms wherein negative affect is reduced because of changes in the contextual meaning of stimuli, or contingencies or expectances about the relationship between behavior and the affective value of stimuli (Diekhof et al., 2011; Schiller & Delgado, 2010) . In decisionmaking and evaluation paradigms, VMPFC recruitment is associated with increased perceived value and diminished perceptions of risk (Hare, Camerer, Knoepfle, & Rangel, 2008; Kable & Glimcher, 2007; Rolls, McCabe, & Redoute, 2008; Wallis & Miller, 2003; Xue et al., 2009 ) while other studies examining responses to aversive stimuli have found that VMPFC responses are reduced under stress and threat (Mobbs et al., 2007; Wager, Waugh, et al., 2009 Modulation of negative emotion valuation of stimuli for a given individual in a given context (Roy et al., 2012; Schoenbaum et al., 2011) .
The present results suggest that VMPFC responses to affective stimuli can vary in meaningful ways between individuals. This notion is supported by prior work demonstrating that individual differences in VMPFC recruitment in response to aversive, stressful or anxiety-provoking contexts scales negatively with self-reported experiences of negative affect, anxiety and discomfort (Eisenberger et al., 2011; Somerville et al., 2013; Wager, Waugh, et al., 2009) . Additionally, individuals with post-traumatic stress disorder (Etkin & Wager, 2007) , anxiety disorders (Etkin, Prater, Hoeft, Menon, & Schatzberg, 2010) and depression (Johnstone, van Reekum, Urry, Kalin, & Davidson, 2007) show dampened VMPFC responses and atypical VMPFC-amygdala connectivity when responding to aversive stimuli across a variety of tasks, including those involving an instructed regulation condition. Taken together, this suggests that greater sustained VMPFC activity may assist in maintaining internalized representations of safety that subsequently buffer individuals against affective triggers that are likely to evoke fear or anxiety.
Limitations and future directions
The present data suggest a novel interpretation of how prefrontal and subcortical regions involved in emotion generation and regulation support dynamic, withinindividual changes in affect as well as average differences in the ways that individuals respond to aversive events. While DLPFC and DMPFC recruitment was associated with less negative affect and amygdala recruitment was associated with more negative affect within individuals, only VMPFC activity was associated with lower levels of average participants are engaging when they report experiencing less negative affect on a trial-bytrial basis. For example, after completing the paradigm, participants could be shown the emotional stimuli a second time and asked to retrospectively report on what thoughts or experiences they had for each one. Such an approach might help elucidate whether the patterns of activation in the present study were representative of participants implementing cognitive regulatory strategies or some other type of as yet unidentified process that was incidentally inversely correlated with negative affect.
Second, while VMPFC activation differentiated individuals according to their average negative emotionality on the present task, additional work is needed to establish whether a) the same pattern would hold across other experimental contexts, and b) whether these differences relate to mental health and wellbeing. With regards to the first issue, follow-up work might examine whether individuals' VMPFC responses to one type of aversive stimuli (e.g., negative images) is predictive of responses to other types of aversive stimuli (e.g., shock) as a means of testing how stable VMPFC activity is across contexts. With regards to the second issue, an important direction for future work will be to use this paradigm in conjunction with additional laboratory and questionnaire measures to better characterize what individual differences relate to VMPFC responses (Bishop, Duncan, & Lawrence, 2004; Urry, van Reekum, Johnstone, & Davidson, 2009; . While the present study did not find evidence to suggest Finally, it would be worthwhile for future work to attempt to replicate the present findings without the inclusion of an instructed cognitive reappraisal condition. While the inclusion of this condition in the present paradigm allowed for a direct comparison between uninstructed modulation in negative affect and modulation supported by instructed reappraisal, this methodological choice could also be seen as a limitation given that reappraisal training may have influenced how participants responded naturally to negative stimuli. Prior work has suggested that trait tendencies to reappraise in every day life may impact uninstructed responding to affective stimuli, but no prior work has tested whether a relatively brief introduction to reappraisal may also influence uninstructed responding (Drabant et al., 2009) . To address this issue, a follow-up study may adopt a between-subjects design wherein half of the participants engage in reappraisal training prior to completing the task while the other half of participants do not. Activation for the look negative > look neutral contrast correlated with participants average self-reported negative affect on look negative versus look neutral trials. None of these brain regions fell within the emotion generation or regulation masks.
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